Background: Despite increasing awareness of the long-term impact of pediatric stroke, there are few estimates of the costs of care. We examined acute and 5-year direct costs of neonatal and childhood stroke in a population-based cohort in Northern California.
With the advent of noninvasive neuroimaging, stroke has been increasingly recognized and studied in children. [1] [2] [3] [4] [5] [6] [7] [8] Historical impressions that children recover well from stroke have been contradicted by recent studies that document a high rate of lifelong morbidity. 1, [6] [7] [8] [9] Despite increasing awareness of poor long-term outcomes, data measuring the burden of this disease remain sparse. [10] [11] [12] [13] [14] The cost of stroke has been extensively studied in adults, including analyses of hospital charges, direct costs, indirect costs, and lifetime costs of adult stroke. 10, 11, 15 Such studies have been the basis for many important cost-effectiveness analyses for stroke prevention and treatment modalities. [16] [17] [18] Childhood stroke cost data, however, are limited: there has been one published US cost analysis from a single children's hospital. 19 The costs of neonatal stroke have yet to be addressed. The goal of this study was to measure the acute and long-term direct costs of childhood and neonatal stroke in a population of children enrolled in a large Northern Californian managed care plan that maintains comprehensive cost databases.
METHODS Setting/study population. We used a previously identified sample of confirmed pediatric stroke cases from the Kaiser Pediatric Stroke Study (KPSS). 20, 21 KPSS is a retrospective population-based cohort study that included all neonates and children (0 -19 years of age) diagnosed with an ischemic or hemorrhagic stroke within the cohort of all 2.3 million children enrolled in Kaiser Permanente Medical Care Program (KPMCP) from January 1993-December 2003. Because individual-level cost data have been available only since 1996, the study period for this cost analysis was restricted to January 1996 -December 2003. KPMCP is the largest nonprofit managed care organization in the United States, with 17 hospitals and 36 outpatient facilities in Northern California. It provides care for 30% of the population in the region and shares the general sociodemographic distribution of California except for an underrepresentation of socioeconomic extremes. 22 Standard protocol approvals and patient consent. We obtained approval from institutional review boards at both KPMCP and UCSF prior to initiation of the study; waiver of consent was approved.
Case ascertainment. Cases were obtained through electronic searches of inpatient and outpatient diagnostic databases (including diagnoses related to out-of-plan care), text string searches of all electronic head imaging reports, and crossreferencing with prior KPMCP studies of cerebral palsy. 20, 21 Cases were confirmed through independent chart review by 2 neurologists, with adjudication by a third. The criteria for stroke were 1) documented clinical presentation consistent with stroke, such as a sudden onset focal neurologic deficit, headache, or seizure; and 2) CT or MRI showing a focal infarct or hemorrhage in a location and of a maturity consistent with the neurologic signs and symptoms. Neonatal strokes were those occurring between 28 weeks gestation and 28 days of life. 3 Strokes occurring after 28 days were defined as childhood strokes. Presumed perinatal strokes were defined as those strokes diagnosed in later infancy or childhood, but presumed to have occurred around the time of birth. 3 These were included within the definition of neonatal stroke. Hemorrhagic stroke included intracerebral hemorrhage, subarachnoid hemorrhage, or intraventricular hemorrhage (IVH), except for neonatal IVH, which was excluded. Ischemic stroke included arterial ischemic stroke and venous sinus thrombosis.
Control selection.
To determine the costs of a pediatric stroke borne by the health care system that are in excess of routine health care for a child, we collected cost data for randomly identified stroke-free control patients. Three controls per case were randomly selected from the entire KPMCP cohort, and pairwise matched for age, year of enrollment in the KPMCP system, and the facility within KPMCP at which they first received routine health care. Health care status of the controls was not used in the selection process.
Clinical data abstraction. Case clinical data were abstracted from electronic and traditional medical records by a single pediatric RN medical records analyst using a standardized protocol. A single pediatric vascular neurologist (H.J.F.) reviewed all available records to classify stroke type (hemorrhagic vs ischemic) and etiology.
Cost data. Costs for all services provided by KPMCP, or paid for by KPMCP (in the instances of out-of-plan medical care), were directly obtained from KPMCP's Cost Management Information System, an automated system that integrates health care utilization databases with the financial ledgers of the system. 23, 24 Because KPMCP is a comprehensive health care plan that both insures and provides medical care to its members, these data are true costs (as opposed to charges) that were generated for individual services using standard accounting methods and programspecific relative value units. The costs include program and facility overhead.
For the cases, we collected all health care costs incurred within 5 years of the stroke event date. Admission costs were available for both hospitalizations that were "within plan" (i.e., at a KPMCP facility) and "out of plan." These included all admission-related costs: emergency department costs, hospital costs, professional fees, and radiology, laboratory, and pharmacy costs. Costs of outpatient stroke-related care included visits to primary care and specialty physicians, medications, imaging studies, laboratory studies, rehabilitation, assistive devices, and other spasticity-related treatments provided by KPMCP.
For the pair-matched controls, we collected all health care costs incurred within 5 years of the "index date." The index date for each control was defined as the stroke event date for the case paired with that control.
Cost analysis.
We performed a 5-year cost analysis using a microcosting approach, directly tabulating the actual cost of every individual component. Only direct costs were measured in this study; we did not account for "productivity costs" (i.e., lost economic productivity due to morbidity or mortality). All costs were adjusted for inflation to 2003 dollars, using the consumer price index. Because mean (average) costs reflect the overall societal burden and are used for economic analyses, we primarily summarized our results using means. However, because the cost data were not normally distributed, with positive skewness, we also expressed our results in medians and interquartile ranges (IQR).
We defined acute costs as all costs of the acute admission for stroke. The acute admission for a neonatal stroke is the birth admission. To isolate admission costs attributable to the stroke itself, the costs of birth admissions were individually "adjusted" by subtracting the mean birth admission costs for each case's trio of pair-matched controls. We report summary data of both the unadjusted and adjusted acute costs of neonatal stroke.
We defined chronic costs as all costs (inpatient and outpatient) incurred after the initial hospitalization. These were annualized and estimated for 5 years. To estimate the costs attributable to the stroke alone, we used control cost data to individually calculate "adjusted" chronic costs accounting for the costs of stroke-free childhood health care. We calculated the average annualized cost of health care for each trio of pair-matched controls over the same 5 years of observation as that trio's paired case. These annualized averages were subtracted from the annualized chronic cost for each case to estimate the excess cost related to childhood stroke.
Five-year-total costs were the sum of acute and chronic costs in those children with 5 years of follow-up data. In children who were never admitted for their stroke, total costs equaled chronic costs. "Adjusted" 5-year-total costs included both the adjustments made to neonatal birth admission costs and those made to all chronic costs.
Statistical analysis.
Because our cost data were skewed, precluding the use of linear regression techniques without transformation, we performed stratified analyses of both acute and chronic costs to determine whether stroke costs varied by predictors such as stroke type, age at onset (neonatal vs later childhood), and neurologic deficits at discharge. We used Mann-Whitney rank-sum tests to determine the significance of observed differences in cost, as well as length of stay. For comparisons of proportions, we employed 2 tests. Alpha was set at 0.05 for all comparisons. All statistical analyses were done with Stata 9.0 or 10.0 (College Station, TX).
RESULTS
Of the 370 childhood stroke subjects identified in KPSS (1993 KPSS ( -2003 , 283 had their stroke in 1996 or after, when electronic cost data were available. Sixteen cases (5.6%) were excluded because of missing cost data, leaving a final cohort size of 266. We compared those with (n ϭ 266) vs without (n ϭ 16) available cost data and found no significant differences in gender, ethnicity, stroke type, or length of stay (data not shown). The final stroke cohort was ethnically diverse (15% black, 40% non-Hispanic white, 24% Hispanic, 11% Asian, 1% Native American, and 9% other), with a preponderance of males (60%). It included 81 (30%) neonatal strokes and 185 (70%) childhood strokes. Five neonates missing birth admission cost data were excluded from the analysis of acute and 5-year total costs, but included in the analysis of chronic costs. Of the childhood strokes, 101 (55%) were hemor-rhagic and 84 (45%) ischemic, including 11 with venous sinus thrombosis. Fourteen (8%) of the childhood cases were already inpatients at the time of their stroke, while 149 (80%) were admitted after the stroke, and 22 (12%) were never admitted. Among the neonates, 25 (31%) had presumed perinatal strokes.
Five-year-total costs. The mean 5-year-total cost of a pediatric stroke was $118,644, with an adjusted mean of $110,921 (table 1). Stroke itself therefore accounted for 93.5% of the total health care costs in these children, and increased the total health care costs 15-fold compared to stroke-free controls. The maximum 5-year-total cost, after adjustment for control costs, was $984,210 for childhood and $792,648 for neonatal stroke.
Acute costs. Admission costs for neonatal stroke are shown in table 2. The mean adjusted cost was 88% of the unadjusted cost, suggesting that the majority of the total birth admission costs can be attributed to the stroke. Although the median adjusted cost was only $9,697, the mean adjusted cost was $34,821, reflecting the positively skewed distribution, with a maximum adjusted birth admission cost of $453,298. Acute costs for the presumed perinatal strokes were lower than those for acutely diagnosed neonatal strokes ( p Ͻ 0.001), but still exceeded controls' birth admission costs, with a mean adjusted cost of $6,740.
The average acute cost of a childhood stroke exceeded that of neonatal stroke ( p Ͻ 0.0001 for the comparison of adjusted neonatal stroke admissions and childhood stroke admissions). Acute costs tended to be higher for hemorrhagic stroke compared to ischemic stroke ( p ϭ 0.12, table 3). Children with hemorrhagic stroke had a similar length of stay (LOS; median 7, IQR 2-16, mean 12) compared to those with ischemic stroke (median 6, IQR 2-17, mean 16; p Ͼ 0.99). However, the proportion of children requiring an intensive care unit admission was higher for hemorrhagic (72%) than ischemic stroke (51%; p ϭ 0.001). Admission costs were higher when the stroke occurred during a hospital admission, as compared to when a child was admitted after a stroke ( p ϭ 0.001); the latter is likely a better reflection of costs attributable to the stroke itself. We again observed positive skewness due to extreme outliers with a maximum admission cost of $806,096 for a stroke during an admission and $660,318 for an admission after stroke.
Chronic costs. Mean chronic costs were highest in the first year after stroke, and then gradually declined. However, they failed to fall to the level of mean control health care costs even 5 years after the stroke ( figure) . Median chronic costs approximated median control costs more closely: by year 5, the median of the stroke costs that had been adjusted for costs in age-matched controls dropped to $220 (table e-1 on the Neurology ® Web site at www.neurology.org). This suggests that the bulk of the long-term financial burden is due to a subgroup of more severely affected children with high ongoing health care costs. The maximum year 5 cost was $47,942 in a child with an ischemic stroke. A total of 186 subjects had complete cost data through 5 years of follow-up and could therefore be included in the analysis of 5-year-total chronic costs. Compared to the 80 subjects excluded for missing data, these subjects were similar in terms of stroke length of stay ( p ϭ 0.58), intensive care admission ( p ϭ 0.84), and neurologic deficit at discharge ( p ϭ 0.14). As observed for acute costs, 5-year-total
Figure
Mean chronic costs after childhood stroke
Annualized mean chronic costs in pediatric stroke subjects in Kaiser Permanente Medical Care Program from 1996 to 2003. Subjects are stratified into 3 groups: childhood ischemic stroke, childhood hemorrhagic stroke, and neonatal stroke (including presumed perinatal strokes chronic costs were generally higher for childhood compared to neonatal stroke ( p ϭ 0.005), although there was considerable overlap (table 4 ). There was no significant difference in 5-year-total chronic costs between the hemorrhagic and ischemic stroke subgroups ( p ϭ 0.98). The maximum adjusted 5-yeartotal chronic cost was $749,147 in a childhood ischemic stroke case, $564,253 in a childhood hemorrhagic case, and $339,350 in a neonatal case. It was higher for children with neurologic deficits at discharge (n ϭ 67: mean $71,434; median $25,551; IQR $5,807-$89,239) compared to those with normal neurologic examination results at discharge (n ϭ 60: mean $52,604; median $10,579; IQR $2,444 -$36,023; p ϭ 0.03).
DISCUSSION Pediatric stroke impacts long-term functioning, leading to physical disabilities, cognitive impairment, and other neurologic disorders, such as epilepsy and dystonia. 25 Stroke-related direct costs provide one measure of the societal burden of this disease. Our study measured 5-year direct medical costs in a population-based cohort of children with stroke. We found that the financial burden of strokes in neonates and children is both substantial and long term, increasing 5-year health care costs 15-fold compared to age-matched children without stroke. Although chronic costs declined after the first year, they continued to exceed costs of the age-matched stroke-free control children, even 5 years poststroke. Because we did not measure indirect costs, or costs beyond 5 years, the total lifetime cost of a childhood stroke remains unknown. However, it is likely substantial, particularly given the potential for lost productivity of both the parents (caring for the afflicted child) and the child who matures into a disabled adult. The average 5-year cost of a neonatal stroke in our cohort, after adjustment for control costs, was ap-proximately $50,000. Childhood stroke was even more costly, with an average 5-year-total of $135,000, and a maximum approaching $1 million. Although few adult studies have measured costs beyond the first year poststroke, 26 available data suggest that, during a similar time window, childhood stroke may be more costly than stroke in adults. For strokes diagnosed in US Medicare beneficiaries (age Ն65 years) in 1997, average Medicare expenditures at 4 years poststroke were $48,327 for subarachnoid hemorrhage, $38,023 for intracerebral hemorrhage, and $39,396 for ischemic stroke. 27 Other studies have similarly reported a lower 5-year cost for adult stroke. 28, 29 Because pediatric strokes are occurring at a young age, the cumulative lifetime direct costs of a stroke in a child may greatly exceed that of a stroke in an adult.
Costs of acute stroke care in children are not only substantial but highly skewed, with an average childhood stroke admission cost of more than $80,000, median of $27,000, and maximum of $800,000. The only prior cost analysis of childhood stroke studied a retrospective sample from an academic children's hospital in Ohio and derived costs from hospital charges. 19 Despite several methodologic differences, they reported comparable median inpatient costs: $22,000 for ischemic stroke and $50,000 for hemorrhagic stroke.
Some of the high stroke admission costs may reflect a serious underlying disease that predisposed to stroke. We were able to distinguish children who had a stroke during an acute hospitalization from those who were admitted because of the stroke; indeed, admission costs were higher in the former group. However, even among the children admitted for the stroke itself, the mean admission cost was more than $90,000 for hemorrhagic stroke and $36,000 for Table 4 Five ischemic stroke. These costs are substantially higher than those previously reported for community hospital stroke admissions in adults: mean of approximately $24,000 for subarachnoid hemorrhage, $10,000 for intracerebral hemorrhage, and $6,000 for ischemic stroke (all in 1998 US dollars). 11 Although the higher costs we observed in children may reflect differences in research methods, they may also reflect differences in the disease itself. For example, children predominantly have large artery infarctions, lacunar strokes being rare, 30 which could lead to greater critical care needs and longer lengths of stay than adults, who have more lacunar strokes. In our study, 51% of children with ischemic stroke required an intensive care unit admission, compared to 14% of adults 11 in the same community hospital report. Although acute costs for neonatal stroke were lower than for childhood stroke, these events increased birth admission costs, relative to controls, by an average of almost $35,000. Presumed perinatal strokes are those not recognized in the acute phase, but diagnosed later, typically when a child presents with focal motor impairment during infancy or seizures. The birth admission costs for these babies still exceeded those of stroke-free controls by an average of almost $7,000, suggesting that these children have greater medical needs in the perinatal period, prior to diagnosis.
The primary limitation of our study is that the setting within a health maintenance organization may not be fully generalizable; costs may be different in an academic setting, among uninsured patients, or outside of California. However, because children were transferred to tertiary care hospitals as necessary, and the costs of these referrals were captured, our data are likely fairly representative of stroke costs within an insured population. Another limitation is that we had complete 5-year follow-up data on only 186 of the original 266 cases (70%). However, the cases with missing data were no different from those with complete data in terms of hospital length of stay, intensive care admissions, or neurologic deficits at discharge. A further limitation is that we did not have data on long-term disability, and therefore could not determine how degree of disability correlated with costs. Advantages of our study include the direct measurement of costs, as opposed to deriving cost estimates from hospital charges. Charges (as well as actual payments) tend to reflect provider cost shifting and other factors that decrease the validity of using charges to represent the true costs of providing care. 31, 32 Other advantages are the randomly selected controls, and the population-based sample, preventing the referral bias that might affect convenience samples from tertiary care institutions.
We measured the direct cost of childhood stroke during the acute hospitalization and 5 years poststroke, and demonstrated that costs are both substantial and long term. However, this is only one measure of the burden of this disease: we did not measure lifetime costs, indirect costs (lost productivity), or quality of life. Future studies should address these other important measures to better estimate the true burden of childhood stroke.
